INTRODUCTION
Societal pressure to raise boars instead of barrows is growing in European Union countries . One disadvantage of raising boars is the possible presence of boar taint, an off-odor present in heated meat or fat. The main compounds of this odor are androstenone, skatole, and indole (Aluwé et al., 2012; Claus et al., 1994) . In addition to management and feeding strategies, genetic selection toward lower boar taint incidence (without negative effects on growth and meat characteristics) could help pig farmers to shift toward raising boars. An interesting candidate polymorphism that could serve as molecular marker is the Asp298Asn polymorphism of the MC4R gene. In 2000, Kim et al. (2000) noted that this missense mutation is associated with increased ADFI, increased ADG, and decreased lean meat percentage. Because certain breeds with a low lean meat percentage are known to have high levels of boar taint (Oskam et al., 2010) and backfat thickness is correlated with androstenone and skatole levels in fat (Walstra et al., 1999) , the Asp298Asn polymorphism of the MC4R gene could serve as a possible marker for boar taint. Pigs with lower lean meat percentage (A allele) could possibly have higher levels of boar taint compared to pigs with higher lean meat percentage (G allele). In a recent observational study, the MC4R genotype was associated with higher levels of boar taint (Schroyen et al., 2014) . Still, an intervention study is necessary to confirm the association, especially when one genotype is overrepresented in the population.
The aim of this study was to assess if genetic selection toward lower boar taint levels is possible by using this marker in commercial boars, without compromising growth performance or carcass and meat quality. Furthermore, possible effects of this selection in females need to be considered as well because boars and gilts differ by nature in their ADFI and G:F.
MATERIALS AND METHODS

Animals and Sampling
This study was approved by the Ethics Commission of the Institute for Agricultural and Fisheries Research (ILVO; EC-2012-180 ).
An experiment was designed to study the effect of MC4R genotype, sex, and the interaction of MC4R genotype and sex on performance parameters, carcass and meat quality, and boar taint levels in commercial pigs. Homozygous AA and homozygous GG boars and gilts were produced by crossing hybrid sows (genotype AG; RA-SE Genetics, Lokeren, Belgium) with Piétrain terminal boars (also genotype AG). The aim was to select 4 littermates with the desired genotype from a litter (1 AA and 1 GG boar and 1 AA and 1 GG gilt) and distribute them over 4 pens.
All RA-SE Genetics hybrid sows and gilts present on ILVO's experimental farm were genotyped at the beginning of the study. Piétrain terminal boars present in several AI stations were genotyped as well (Table 1) . In total, 169 sows and 30 terminal boars were genotyped.
Per replication or round, 9 to 15 hybrid sows, heterozygous for MC4R, were inseminated with semen from heterozygous Piétrain terminal boars. In total, 112 litters were born out of 77 sows and 8 terminal boars. All piglets were genotyped for the MC4R genotype to identify the homozygous individuals. The piglets were raised on ILVO's experimental farm and weaned at the age of 26 ± 2 d. Every 3 wk, a new round of piglets was weaned and 6 pigs per homozygous genotype and per sex were selected and housed together in a pen.
Pigs with obvious health problems (i.e., lameness, swollen limbs, or hernia) and growth-retarded piglets (less than 5.5 kg at weaning age) were excluded. The first criterion was to select littermates of the same sex and different genotype and with a similar weight. If not enough littermates were available, a pair of piglets with similar weight was selected from other litters. In each replicate, we tried to use pigs from as many sows as possible. This setup was replicated 11 times. In total, 24 × 11 = 264 pigs were used in this 2 × 2 factorial experiment.
The experiment started with 264 pigs but data of only 254 pigs could be used in this study. Ten of the pigs were euthanized or removed from the experiment due to illness or lameness. Meat quality was assessed on the meat of 239 out of the 254 pigs because the meat of 15 pigs could not be sampled at the slaughterhouse due to practical problems.
Pigs had free access to water and were fed ad libitum with a 4-phase diet adapted to their requirements (Supplemental Tables S1 and S2 ). They received a starter feed from weaning until 9 wk of age. From 9 wk of age until the mean pen weight reached 40 kg, they received a grower feed. The finisher feed was given between a mean pen weight of 40 and 70 kg and the late finisher feed from 70 kg until slaughter.
The pigs were slaughtered in a commercial slaughterhouse by exsanguination after carbon dioxide stunning when average pen weight was 110 kg per pig. The pigs were fasted 24 h before slaughter.
In 5 rounds, we collected blood samples from the boars in the study (n = 57) at the day before slaughter. On that day, between 0800 and 1200 h, blood samples were taken via venipuncture of the jugular vein and collected in a 10-mL serum tube with a silicone-coated interior (Becton, Dickinson and Company, Franklin Lakes, NJ) . Serum was obtained by centrifugation at 1,499 × g for 10 min at 4°C. Serum was stored at -80°C until analysis of boar taint compounds (indole, skatole, and androstenone). Fat samples were taken 45 min postmortem at the neck of all boars (n = 122). One day postmortem, a piece of the LM with backfat layer of the right carcass side (30 cm around the 13th rib) of all pigs (n = 239) was sampled at the slaughterhouse. Samples were trimmed of visible fat and sliced (2.5 cm thickness). Before analysis, meat and fat samples were vacuum packed and stored at -18 and -80°C, respectively. The frozen meat samples were used for analysis of intramuscular fat and shear force determination and the frozen fat samples were used for sensory and chemical analysis of boar taint.
Genotyping by Cleaved Amplified Polymorphic Sequence
Genotyping of the samples was performed at the division of gene technology of the KU Leuven, Leuven, Belgium. Deoxyribonucleic acid was extracted from blood or tissue samples using the GeneJET Genomic DNA purification kit (Thermo Scientific, Waltham, MA) and from semen using a proteinase K digestion method followed by organic extraction and DNA precipitation. Deoxyribonucleic acid was amplified using PCR performed in a total volume of 25 μL with 400 nM of the forward primer (5′-TTACTCGCCTCAATTTGCAGC-3′) and 400 nM of the reverse primer (5′-ACAAATCAC -AGAGGCCACC-3′), 0.25 units GoTaq polymerase (Promega, Fitchburg, WI), 1x GoTaq Green buffer, and 200 μM deoxyribonucleotide triphosphate. Polymerase chain reaction conditions were 3 min at 95°C, 30 cycles of 1 min at 95°C, 1 min at 62°C, and 1 min at 72°C and a final 5 min elongation step at 72°C. Amplicons were digested in a total volume of 30 μL with 10 units of restriction endonuclease TaqI (Fermentas, St. Leon-Rot, Germany) for 2 h at 65°C. Deoxyribonucleic acid fragments were separated on a 2% agarose gel.
Analysis
Androstenone, Indole, and Skatole Concentrations in Serum and Fat. Quantitative determination of androstenone, indole, and skatole was performed following an ultra-high performance liquid chromatography coupled to high resolution orbitrap mass spectrometry analysis method as described by Bekaert et al. (2012) . The sample pretreatment of the fat involves a melting step followed by extraction with methanol and cleanup consisting of a freezing step and solid phase extraction (hydrophilic lipophilic balanced cartridges; Waters Corporation, Milford, MA). Serum samples were pretreated by an extraction with diethyl ether followed by a centrifugal filtration (30 kDa) before chromatographic separation. The analytics were then chromatographically separated on an Accela UHPLC with a Hypersil Gold column (50 mm by 2.1 mm by 1.9 μm; Thermo Scientific) and detected with an Exactive high-resolution mass spectrometer (Thermo Scientific). Limits of quantification (LOQ) were determined based on the outcome of calibration curves for each compound in the analyzed matrix. These were 25, 25, and 50 ng/g in fat and 2, 2, and 3 ng/g in serum for indole, skatole, and androstenone, respectively. Limits of determination (LOD) were calculated as LOQ/3. Boars were considered to have boar taint when the backfat concentration of skatole was higher than 200 ng/g or the backfat concentration of androstenone was higher than 2,000 ng/g or both (Bonneau and Chevillon, 2012) .
Sensory Analysis. A sensory score for boar taint was obtained by performing a hot iron test on neck fat as described by Aluwé et al. (2012) . Odor was scored after heating a neck fat sample by a hot iron (30 W). The smell was scored on a scale from 0 (no off odor) to 6 (very bad odor) with scores 0 and 1 defined as no boar taint, scores 2 and 3 defined as weak boar taint, and scores 4, 5, and 6 defined as strong boar taint. Two trained experts scored all samples blind to the other's scoring. If their assessment differed, they debated their score and restested the samples until they agreed on the score.
Performance Parameters. At weekly intervals, all pigs were individually weighed and feed leftovers were recorded to calculate feed consumption. Average daily gain, ADFI, and G:F were calculated per growth phase and for the total fattening period. Average daily lean meat gain (DLMG) was calculated as (lean meat at slaughterlean meat at the beginning of the grower-finisher phase)/ (number of days between the beginning of the growerfinisher phase and slaughter). Lean meat at slaughter was defined as lean meat percentage × cold carcass weight. Lean meat at the beginning of grower-finisher phase was assumed to be 45% BW (Susenbeth and Keitel, 1988) .
Carcass Quality. Live weight of each pig was recorded before transport to the slaughterhouse. In the slaughterhouse, cold carcass weight was recorded. Dressing percentage was calculated as cold carcass weight divided by live weight. Muscle thickness and fat thickness were measured using a Capteur GrasMaigre (CGM; fat-lean evaluation) device (Sydel, Lorient Cedex, France). The values measured by the CGM device were converted into meat percentage by the equation approved for use in Belgian abattoirs (Ŷ = 66.09149 -0.82047 × X1 + 0.10762 × X2, in which Ŷ = the estimated percentage of lean meat in a carcass; X1 = the thickness of backfat (including rind) in millimeters, measured 6 cm off the split line between the third and the fourth last ribs; and X2 = the thickness of the dorsal muscle in millimeters, measured at the same time, in the same place and in the same way as X1; Commission of the European Communities, 2012). Ham angle and width were measured using a Pic2000 device (ROVI-TECH, Presles, Belgium). Meat Quality Parameters. The pH was measured at 45 min postmortem in the LM around the 13th rib of the right carcass side. On 1 meat slice, ultimate pH (pHu) was measured 24 h postmortem. A second slice was used to assess drip loss. The weight of the slice (approximately 150 g) was measured after wiping the sample dry and then the slice was placed in a plastic bag and suspended using nylon cord for 48 h at 4°C. After 48 h, the slice was weighed again after wiping the sample dry and the proportionate weight loss was calculated.
Color was determined on a third slice in duplicate after 15 min blooming time with a reflection spectrophotometer (Miniscan; Hunter Associates Laboratory Inc., Reston, VA), giving the CIELab color coordinates L* (lightness), a* (redness), and b* (yellowness).
The amount of intramuscular fat was calculated based on the total amount of lipids present in another slice (with all visible fat removed) as determined using the modified Bligh and Dyer (1959) method.
Tenderness was evaluated by shear force determination. A slice was heated at 75°C for 60 min in a hot water bath and cooled in cold tap water. Cooking loss was recorded as weight loss during cooking of this slice. Shear force of the cooked samples was determined with a triangular Warner-Bratzler shear force measurement device. Ten cylindrical samples (diameter 1.27 cm) were taken parallel to the fiber direction and were sheared, and their shear force was recorded. The lowest and highest value of each sample was excluded to determine the average shear force.
Statistical Analysis
For statistical analysis, pen was considered the experimental unit. For individually assessed parameters, pen was included as random factor to correct for factors influencing the individuals within the same pen. All parameters were analyzed by ANOVA (R Core Team, 2013) . Differences were considered significant if P < 0.05. Tukey's post hoc test was used to compare treatment means. When the P-value for interaction terms was above 0.05, the interaction was excluded from the statistical models.
When an animal was removed from the study, the pig was weighed and feed leftovers were recorded. If the pig lost weight compared to the previous weighing, we assumed that the pig did not eat any feed between the last weighing and the moment of removal. If the pig weighed more compared to the previous weighing, the extra kilograms of weight were divided by the G:F of the previous week and this number was considered to be the amount of feed consumed by that animal between the last weighing and the moment of removal. The feed intake of the removed animal was then subtracted from the feed intake of the pen between the last weighing and the moment of removal. For the previous measurements, feed intake was multiplied by (the number of animals in the pen after removal)/(the number of animals in the pen before removal).
Boar taint compounds were analyzed with genotype as the fixed factor and pen and round as random factors. Concentrations of indole, skatole, or androstenone below the LOQ were replaced by the value LOD/(2 1/2 ). Because the concentration of androstenone, skatole, and indole in serum and fat are not normally distributed with the majority of the samples in the lower concentration range and the minority in the higher range, a logarithmic transformation (natural logarithms) of the data was applied before analysis. The data of 1 batch of 50 fat samples were excluded from the study due to technical failure during analytical sample extraction. Therefore, data of only 78 samples was included in the study. Logistic regression was used to assess binomial distributed data (percentage of animals with boar taint, above cutoff level of androstenone, above cutoff level of skatole, and above human nose score of 3). Correlation coefficients (Pearson correlation) were calculated among the logarithmic transformed boar taint compounds in fat and serum. Results were considered significant if P < 0.05.
Performance parameters (ADFI, ADG, and G:F) were analyzed using a longitudinal model that included sex, genotype, sex × genotype, and feeding phase as fixed factors and round and pen as random effects.
Meat quality parameters, DLMG between 20 and 115 kg, and ADFI, ADG, and G:F during the nursery period (8-20 kg) were analyzed with sex and genotype as fixed factors and pen and round as random effects.
Carcass quality parameters were analyzed with sex, genotype, and cold carcass weight as fixed factors and pen and round as random effects.
RESULTS
Boar Taint
In backfat, the concentrations of the 3 boar taint compounds were significantly higher in the fat of AA boars compared to GG boars ( Table 2 ). The percentage of AA boars that are considered to have boar taint was significantly higher than the percentage of GG boars.
On the contrary, there were no genotype differences in either the mean human nose score of the fat or in the concentrations of the boar taint compounds in the serum collected at slaughter age.
The Pearson correlation coefficients between the level of boar taint compounds in serum and in fat tissue and the human nose score in fat are given in Table 3 . Serum skatole (r = 0.88) and androstenone (r = 0.62) levels at slaughter age were highly correlated with concentrations in the fat of the slaughtered animal whereas indole (r = 0.14) was not significantly correlated between fat and serum at slaughter age. The human nose score was significantly and moderately correlated with log(indole) (r = 0.41) and log(skatole) (r = 0.32) and not significantly correlated with log(androstenone) (r = 0.16).
Growth Performance Parameters
During the nursery period (8-20 kg), an interaction between sex and genotype was significant for ADFI, although no differences between individual groups could be determined (Table 4) .
Between 20 and 115 kg, the MC4R genotype affected ADFI whereas sex had no significant effect: AA pigs had a higher ADFI than GG pigs (Table 4) . For ADG, an interaction between sex and genotype was observed between 20 and 115 kg: AA boars grew faster than GG boars whereas no genotype effect was observed in gilts. Average DLMG tended to be affected by sex (higher for boars) whereas genotype had no significant effect. Between 20 and 115 kg, the boars showed a higher G:F compared to the gilts but there was no effect of genotype.
Carcass Quality and Meat Quality Parameters
The pigs were slaughtered at an average live weight of 112.9 ± 0.59 kg (mean ± SEM) with no significant difference between the 4 treatment groups.
None of the carcass parameters were affected by an interaction between MC4R genotype and sex.
The MC4R genotype affected several carcass quality parameters (Table 5 ). The AA pigs had a lower dressing percentage compared to GG pigs. We observed a significantly lower meat percentage in AA pigs compared to GG pigs due to lower muscle thickness and a higher fat thickness of the AA pigs. Animals of the AA genotype had a lower ham width than GG animals but ham angle was not significantly affected by MC4R genotype. Meat quality parameters were not significantly affected by the MC4R polymorphism.
Sex influenced multiple carcass parameters. Gilts had a significantly higher dressing percentage and muscle thickness than boars. Furthermore, gilts had a significantly higher ham width and lower ham angle compared to boars but meat percentage and fat thickness were not affected by sex. Pork of gilts was darker, less red and less yellow, and less exudative during cooking and contained more intramuscular fat. The pH measured at 45 min postmortem pH 45 , pH u , drip loss, and shear force were not affected by sex. 
DISCUSSION
To the best of our knowledge, the current study is the first interventional experimental study to determine the effect of the MC4R mutation. All previous published studies are observational studies. In many of them, one genotype is overrepresented in the study due to selection toward a certain trait (e.g., lean meat percentage) in a certain breed. We therefore conducted a controlled experimental study with littermates that differed only in MC4R genotype to detect true effects of the mutation on the phenotype. Also, apart from the observational study that suggested a link between the MC4R genotype on boar taint (Schroyen et al., 2014) , to our knowledge, this was the first study designed to evaluate the effect of this missense mutation on boar taint.
Although no significant differences in sensory analysis of fat from AA boars and GG boars could be observed, there was a clear effect of genotype on backfat indole, skatole, and androstenone concentration and the percentage of boar taint-positive boars. The correlations between the human nose score and the boar taint compounds in fat are similar to the correlations found in our previous studies (Aluwé et al., 2012) but lower compared to large-scale studies .
Whereas this is the first reported evidence of an effect of MC4R on boar taint levels, associations between lean meat percentage and boar taint have been suggested before (Schroyen et al., 2014) . It is known that certain breeds with high fat percentages such as Duroc also have a high prevalence of boar taint (Oskam et al., 2010) and Walstra et al. (1999) found a negative correlation between lean meat percentage and the concentrations of androstenone and skatole in fat. Furthermore, Windig et al. (2012) found a positive correlation of fat depth with concentrations of boar taint compounds in fat and human nose scores of fat. No physiological explanation for these results can be given; on the contrary, one would expect that a higher volume of fat would dilute the boar taint compounds, as found by Sinclair et al. (2001) in Yorkshire pigs. It is possible that the uptake of boar taint compounds in adipose tissue is related to the thickness of the fat layer in certain breeds.
Besides the effect of the MC4R gene on boar taint levels, we also could confirm the effect of the MC4R gene on feed intake, growth, and body composition in commercial growing-finishing pigs. Besides genotype, sex had an effect on ADG, DLMG, G:F, body composition, and meat quality characteristics.
The AA pigs in this study had a significantly higher ADFI compared to the GG pigs. This supports the association studies reported (Houston et al., 2004; Kim et al., 2000; Meidtner et al., 2006; Piorkowska et al., 2010) . These results suggest that the polymorphism of the MC4R gene in pigs has the same effect as targeted disruption of the receptor in rodent models (Walley et al., 2009) . The MC4 receptor is a G protein-coupled transmembrane receptor expressed on the surface of neurons throughout the brain (Seeley et al., 1997) . It is part of the leptin-melanocortin pathway, a neuroendocrine circuit that translates information of the adipose tissue into hypothalamic responses, leading to changes in feed intake and metabolic rate (Biebermann et al., 2012) . Targeted disruption of the MC4R gene results in severe hyperphagia and obesity in mice and humans due to the blocking of the anorexigenic signal that normally is sent as a hypothalamic response to high leptin levels (De Jonghe et al., 2011; Huszar et al., 1997; Vaisse et al., 1998; Yeo et al., 1998) . Therefore, pigs with large amounts of adipose tissue and leptin carrying the polymorphism (A allele) may not decrease their feed intake and have a higher ADFI than pigs carrying the wild-type allele (G allele). The higher intake led to faster growth, in line with what others have observed (Davoli et al., 2012; Fan et al., 2009; Houston et al., 2004; Jokubka et al., 2006; Kim et al., 2000; Meidtner et al., 2006; Ovilo et al., 2006; Piorkowska et al., 2010; Stachowiak et al., 2006; Van den Maagdenberg et al., 2007) . Some studies on pigs observed only a trend of an effect of MC4R genotype on ADG (Piorkowska et al., 2010) or no effect (Stachowiak et al., 2006) . We hypothesize that this could be due to lack of power in those studies or to the use of only gilts or boars and gilts together without assessing the interaction in the study (e.g., Piorkowska et al., 2010; Stachowiak et al., 2006) . Indeed, the interaction between sex and genotype for ADG indicates that this effect is only present in boars and not in gilts. This is in contrast to mice and humans, where targeted disruption of the MC4R gene had a larger effect on weight gain in females than in males (Dempfle et al., 2004; Huszar et al., 1997) . The physiological background of this interaction has yet to be determined. Those studies that did find an association between the MC4R gene and ADG in pigs studied only males (boars or barrows) or a mixture of males and gilts.
The higher ADG of AA boars could partially be explained by the higher ADFI of the animals of the AA genotype. A trend of interaction on ADFI between sex and genotype was observed (P = 0.097). As the significant interaction between sex and genotype on ADG was observed on animal level (n = 254) and the trend of interaction on ADFI on pen level (n = 44), we speculate that the trend may become statistically significant with more ADFI observations. We hypothesize that the MC4R polymorphism influences the appetite of pigs of both sexes but that this effect is higher in boars, resulting in a higher growth of the AA boars.
The MC4R gene was associated with not only performance parameters in pigs but also with variation in body composition. Animals of the AA genotype had more backfat and were less muscular in comparison to the GG pigs. As a consequence, the lean meat percentage of the AA pigs was significantly lower compared to the GG pigs. Most studies associated occurrence of the A allele with higher backfat thickness and lower lean meat percentage (Bruun et al., 2006; Chen et al., 2005; Davoli et al., 2012; Fan et al., 2009; Galve et al., 2012; Houston et Piorkowska et al., 2010; Van den Maagdenberg et al., 2007) . This effect can be explained by the results of the performance characteristics that suggest that the MC4R gene influences the appetite of the pigs resulting in an increased ADFI for the AA animals followed by more growth. As the DLMG was not affected by the MC4R genotype, this extra growth leads to the accumulation of extra fat. The pigs of the AA genotype gradually accumulate more adipose tissue and probably produce more leptin. As the negative feedback of the leptin-melanocortin pathway is blocked by the loss of function of the MC4 receptor, no anorexigenic signal is sent by the hypothalamus and AA pigs do not decrease their feed intake and continue to accumulate fat. Animals of the GG genotype with a normal functioning leptin-melanocortin pathway have a negative feedback on their feed intake, which leads to a lower ADFI, a lower ADG, the accumulation of less fat, and therefore a higher lean meat percentage. Average daily gain between 20 and 115 kg was significantly correlated (P < 0.001) with lean meat percentage (r = -0.43) and backfat thickness (r = 0.49). Jokubka et al. (2006) observed the opposite effect in the Lithuanian White pig breed for backfat thickness and lean meat percentage, but they hypothesized that this could be due to the use of restricted feeding in their study in contrast to the ad libitum feeding in other studies. To our knowledge, no significant effect of genotype on carcass quality parameters in the opposite direction of our results have been reported; however, trends for increased backfat thickness in GG pigs that were fed ad libitum were reported in a Chinese breed cross and a Large White × wild boar intercross (Chen et al., 2005; Kim et al., 2000; Park et al., 2002) .
Gain-to-feed ratio was not affected by genotype, although AA animals have a lower lean meat percentage, which usually leads to a lower G:F. The lack of effect on the G:F can be explained by lower maintenance requirements of the AA pigs due to their faster growth. We hypothesize that an additional process could also be involved. The binding of agonists to MC4R results not only in an efferent signal to decrease feed intake but also in responses to increase energy expenditure in mice and rats (Biebermann et al., 2012; De Jonghe et al., 2011) . Therefore, animals of the AA genotype may have a lower metabolic rate (lower core temperature and heart rate) and a lower level of spontaneous activity compared to the GG animals, which once again results in lower maintenance requirements. However, research is needed to determine if this process also exists in pigs and if it contributes to a lower G:F.
No significant effect of the MC4R gene on meat quality parameters was found in this study. The increased fat deposition in the AA animals led to a nonsignificant increased intramuscular fat content (1.39 versus 1.31). The Piétrain pigs are selected toward lean carcasses and already have very low intramuscular fat content (Edwards et al., 2003) . This can explain the small nonsignificant difference. Van den Maagdenberg et al. (2007) did find a significant association between MC4R and intramuscular fat and shear force. They used barrows in contrast to boars, which can possibly explain the differences in meat quality results as boars are leaner and have a lower intramuscular fat content compared to barrows (Babol and Squires, 1995; Trefan et al., 2013) . The differences between boars and gilts on meat quality traits were expected as they are in line with the results found in a meta-analysis of the effect of gender on meat quality (Trefan et al., 2013) .
The allele frequency of MC4R in our study and other studies (Burgos et al., 2006; Davoli et al., 2012; Piorkowska et al., 2010) suggests that the selection toward sire lines with a high lean meat percentage, for example, Piétrain sires, coincides with selection of the G allele. In dam lines, where selection for reproduction characteristics is more important, the frequency of the G allele is lower. Furthermore, Piétrain pigs are known to have low levels of boar taint compared to other breeds (Aluwé et al., 2011; Windig et al., 2012) . Our study suggests that the low levels of boar taint in muscular sire lines such as Piétrain could be explained by a high frequency of the MC4R G allele, as boars of the GG genotype have low levels of androstenone, skatole, and indole in their backfat. Because the G allele is almost fixed in the Piétrain population, genetic improvement toward lower levels of boar taint can be achieved only by selection toward GG pigs in the dam lines. However, the higher frequency of the A allele in the dam lines creates opportunities for genetic improvement by selection toward the G allele in the dam lines. Moreover, boar taint levels are significantly higher in dam lines compared to sire lines (Mathur et al., 2013) . However, before increasing the G allele in dam lines, research is needed to assess the effects of the MC4R genotype on parameters that are important in dam lines such as reproduction characteristics, which were not included in this study.
Conclusions
This study shows that the Asp298Asn polymorphism of the MC4R gene is correlated with backfat concentrations of androstenone, skatole, and indole in boars. Apart from beneficially affecting boar taint levels, selection toward GG animals will lead to slower ADG in male pigs and better carcass composition.
